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ABSTRACT
In this study the acute and sub-lethal effects caused by the Water Soluble Fraction (WSF) of a light crude oil were assessed 
for the first time on the planktonic copepod Acartia tonsa. Chromatographic analysis was also performed to quantify the 
levels of hydrocarbons (total, aliphatic and polyaromatic hydrocarbons) to which copepods were exposed to. Male and female 
individuals were exposed to hydrocarbon concentrations varying from 12 to 196 µg.L–1 (Total hydrocarbons). The LC50 was 
69.5 (24 hours) and 48.0 µg.L–1 (48 hours) for females and 84.8 (24 hours) and 70.1 µg.L–1 (48 hours) for males. Sub-lethal 
effects were also evaluated by exposing females to the equivalent of LC10. Females showed significant reduction in egg and 
fecal pellet production, and also a delay in the eggs hatching time. Thus, the toxic effects of WSF of oil may be crucial for the 
specie population maintenance, possibly influencing the equilibrium of marine ecosystems.
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RESUMO
Efeitos Letais e Sub-Letais da Fração Solúvel de um Óleo Cru Leve no Copépode Plantônico Acartia tonsa
Neste estudo foram avaliados pela primeira vez os efeitos agudos e sub-letais causados pela Fração Solúvel em Água (FSA) de 
um óleo crú leve no copépode planctônico Acartia tonsa. Análises de cromatografia foram realizadas na FSA para determinar 
as concentrações de hidrocarbonetos (totais, alifáticos e aromáticos) a que foram submetidos os organismos. Machos e fêmeas 
foram expostos a concentrações que variaram entre 12 e 196 µg.L–1 (hidrocarbonetos totais). As CL50 foram de 69,5 (24 horas) 
e 48,0 µg.L–1 (48 horas) para fêmeas e 84,8 (24 horas) e 70,1 µg.L–1 (48 horas) para machos. Efeitos sub-letais também 
foram avaliados expondo fêmeas por 24 horas a uma concentração equivalente a CL10. As fêmeas apresentaram uma redução 
significante na produção de ovos e pelotas fecais, assim como um retardo na eclosão dos ovos. Desta forma, os efeitos tóxicos 
da FSA do óleo podem comprometer a manutenção da população da espécie no meio ambiente, podendo influenciar o equilíbrio 
do ecossistema. 
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INTRODUCTION
The fast industrial growth observed worldwide during 
the last decades, together with a significant growth of human 
populations in coastal areas, have caused serious environmental 
problems. Hydrocarbon-related environmental problems are of 
extreme concern since it is estimated that 6.44 million tons of 
petroleum contaminate the oceans annually. The contamination 
comes from many different sources such as sewage, surface 
drainage, oil tanker accidents, discharge and cleaning operations 
of oil tankers, drilling activities, refining and consumption of 
petroleum products (Clark, 2001).
Hydrocarbons derived from oil spills can drastically affect 
many marine species, causing immediate death by asphyxia and 
coating, as well as by direct intoxication. Problems regarding 
bioaccumulation and carcinogenic substance incorporation 
also occur, although many other effects might be caused due 
to sub-lethal and chronic exposure, such as alteration in motor 
perception and reproduction modifications (Kennish, 1997). 
Although toxicity associated to the soluble hydrocarbon 
fractions of oil might be very relevant, due to rapid absorption 
by biota and potentially high levels nearby impacted areas, little 
attention has been given to problems caused by the effects of 
soluble compounds on the plankton (Kennish, 1997). A considerable 
number of studies about the effects of hydrocarbons concerning 
different species of marine invertebrates and vertebrates have 
been performed (Epstein et al., 2000; Long & Holdway, 2002), 
however little is known specifically on zooplanktonic organisms, 
such as copepods, which are recognized as the most important 
primary consumers in marine ecosystems (Lenz, 2000). 
Previous studies have shown that oil spills can cause 
acute damage to the zooplankton community, especially to 
organisms that occur at the surface. Oil spills can cause acute 
and chronic effects in holoplanktonic organisms, leading to 
biomass decrease and structure change at the community level 
(Samain et al., 1980; Guzmán del Próo et al.,1986; Cowles 
& Remillard, 1983a, b). In addition, deleterious effects have 
also been recorded for meroplanktonic individuals (Fisher & 
Foss, 1993; Epstein et al., 2000; Shafir et al., 2003). In Brazil, 
despite the significant growth in oil-related activities, studies 
regarding the lethal and sub-lethal toxic effects on zooplanktonic 
invertebrates are very scarce. 
Thus, the objectives of this study were: a) determine the 
LC50 (24 and 48 hours) for the copepod Acartia tonsa exposed to 
the Water Soluble Fraction (WSF) of a light crude oil; b) assess 
sub-lethal effects, such egg production, fecal pellet production 
and egg viability, on the Acartia tonsa due to exposure to the 
WSF of a light crude oil.
MATERIAL AND METHODS
Test-species
The planktonic copepod Acartia tonsa is a globally 
distributed species, inhabiting many coastal and estuarine areas 
of temperate regions (Cervetto et al., 1995). It has a short life 
cycle of approximately two months and high reproductive 
potential, producing up to 100 eggs daily (Sedlacek & Marcus, 
2005; Holste & Peck, 2006). All these characteristics make 
A. tonsa a potential species for toxicological testing (Tiselius 
et al., 1995). This copepod species is very important in Southern 
Brazilian estuaries and coastal areas due to its frequency and 
high abundance (Montú, 1980).
The specimens of A. tonsa used in this study were obtained 
from a continuous cultivation system from the Zooplankton 
Laboratory at Universidade Federal do Rio Grande – FURG, 
Rio Grande – RS, Brazil. The copepods were originally 
collected from the Patos Lagoon estuary (32° 04’ 47” S and 
52° 13’ 26” W) and cultivated in 500 L tanks, as described by 
Bersano (2003). In order to assure that all individuals tested 
were approximately at the same age at the moment of the 
experiments, the same batch of copepods was reared from eggs 
to adulthood under controlled conditions of temperature (20 °C), 
photoperiod (12 hours light:12 hours dark) and salinity (34). 
Copepods were fed once daily with a mixed diet consisting of 
Thalassiosira weissflogii (20.000 cells.mL–1) and Isochrysis 
galbana (100.000 cells.mL–1).
Extraction of the water soluble fraction
The crude oil Water Soluble Fraction (WSF) was obtained 
from an Argentinean light crude oil (HYDRA oil), supplied 
by Ipiranga Refinery (Rio Grande – RS, Brazil), following 
methodology described by Anderson et al. (1974) and Long 
and Holdway (2002). Briefly, one part of crude oil was gently 
added to nine parts of filtered (1 µm) natural seawater (S = 34) 
in a 3 L glass recipient provided with a magnetic bar, which 
was tightly sealed with an aluminum foil lid. The solution 
was then stirred for 23 hours with a maximum vortex height 
of 25% of the solution. This procedure was performed in a 
temperature controlled room (20 ± 1 °C) under darkness to 
avoid photodegradation. The solution was left one hour to 
equilibrate and, then, aqueous phase was siphoned and used 
as WSF stock solution (100%).
Chemical analysis
Immediately after extraction, 1 L of WSF solution was 
analyzed to characterize hydrocarbon contents. This solution 
represents the 100% exposure concentration at 0 hours. The 
final exposure solution (48 hours) was obtained by exposing the 
initial solution to the same conditions used for the experiments 
for 48 hours.
Both aliquots were fortified with 200 µL of surrogate 
standard priori to concentration using C18 cartridges (IST, Jones 
Chromatography, USA). Cartridges were dried and then eluted 
three times with 3 mL ethyl acetate and three more times with 
3 mL n-hexane. After concentrated down to 1 mL, clean-up and 
fractionation was performed by passing the extract through a 
silica/alumina column (the silica and alumina were activated 
at 200 °C for 4 hours and then partially deactivated with 
5% Milli-Q water). Elution was performed using 20 mL of 
hexane to yield the first fraction (which contains the aliphatic 
hydrocarbons), then 30 mL of hexane/dichloromethane 
(90:10) followed by 20 mL of hexane/ dichloromethane 
(50:50) (a combination which contains the polycyclic aromatic 
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as described for the treatment flasks, but containing only 
non-exposed copepods. Flasks were manually rotated every 
4 hours in order to avoid algae settling. Following incubation, 
the survivorship of adults was checked and the contents of the 
flasks were retained on 20 µm mesh sieves and, then, placed 
in small beakers. For egg viability analysis, around 30 eggs 
from each treatment were picked up with a Pasteur pipette 
and transferred to Petri dishes containing filtered seawater 
(1 µm). Thus, all the Petri dishes were placed in an incubator 
(T = 20 °C, 12 hours light:12 hours dark) for another 24-48 hours. 
The remaining material was preserved in a 4% formaldehyde 
solution and the numbers of eggs, nauplii and fecal pellets 
were counted under a dissecting microscope. Hatching success 
was assessed from number of hatched eggs in relation to total 
number of observed eggs. Viability of eggs was checked after 
24 and 48 hours, in order to determine hatching percentage 
after these experimental periods. 
Data analysis
LC50 was estimated using Probit method (Finney, 1971) 
for both exposure periods (24 and 48 hours), and comparison 
of LC50 values used a 95% Confidence Interval (CI) (APHA, 
1976). Mean difference test (t-Student) was applied to sub-lethal 
tests for comparison between control and treatment results 
(significance level of 95%). Data normality and homogeneity 
for acute and sub-lethal data was verified with the Levine 
test. A log (x + 1) transformation was applied on fecal pellet 
production data to fulfill test requirements. Values are presented 




The overall description of the oil used in this study is 
presented in Table 1. Total hydrocarbon (THc) concentration 
present in the water-soluble fraction of the oil was 196 µg.L–1 in 
the initial exposure solution (0 hours) used in the experiments 
and 133 µg.L–1 in the final solution (48 hours), while total 
aliphatic hydrocarbons (TAl) and total aromatic hydrocarbons 
(TAr) were 164 and 32 µg.L–1 in the initial solution and 122 and 
11 µg.L–1 in the final solution, respectively (Table 2). 
Acute exposure experiments
Based on copepod mortality data, LC50 values (expressed 
as THc, TAl and TAr equivalents) for 24 and 48 hours of 
exposure to each WSF concentration were calculated for male 
and female Acartia tonsa (Table 3). Total mortality of the 
individuals tested was observed after 24 hours of exposure to 
the 100% WSF solution (THc equivalent = 196 µg.L–1). The 
LC50 (THc equivalent) for females was 69.5 (55.8 – 84.5) µg.L–1 
after 24 hours and 48.0 (38.7 – 58.0) µg.L–1 after 48 hours 
and 84.8 (70.7 – 101.1) µg.L–1 and 70.1 (59.1 – 80.1) µg.L–1 
for males, respectively (Table 3). A significant difference 
between concentration means was seen for females exposed 
to 48 hours only.
hydrocarbons). Identification and quantification of aliphatic 
(F1) and polycyclic aromatic (F2) compounds was done using 
a Perkin Elmer Clarus 500 gas chromatographer equipped with 
either a flame ionization (GC/FID) or a mass spectrometers 
detector (GC/MS), respectively. 
Quantification was performed against external patterns of 
aliphatic and polycyclic aromatic hydrocarbons using analytical 
curves of each analysis and calculation methods by internal 
standardization using 1-tetradecene and 1-eicosene standards 
for aliphatic hydrocarbons and deuterated Naphthalene-D8, 
Acenaphthene-D10, Phenantrene-D10, Crisene-D12 and Perilene-D12 
standards for polycyclic aromatic hydrocarbons. Methods 
recovery was evaluated using 1-hexadecene (aliphatics) and 
p-terfenil-D14 (aromatics) as surrogate standards, and analytical 
performance through the analysis of certified reference materials 
and analytical controls.
Acute exposure experiments
All the tests were performed in triplicate using 200 mL 
glass flasks for each treatment. The treatment concentrations 
were obtained diluting the WSF stock solution (100%) into 50, 
25, 12.5 and 6.25% exposure solution. Ten females and ten males 
of A. tonsa were added separately to the replicates of these five 
treatments. Control treatment consisted of five flasks containing 
10 copepods each, filled only with filtered (1 µm) natural seawater 
(S = 34). In order to reduce evaporation of volatile compounds, 
all flasks were sealed with aluminum foil and maintained 
without aeration for up to 48 hours in a temperature and light 
controlled room (T = 20 °C; 12 hours Light:12 hours Dark). 
Food was not provided during the experiment. To assess the 
LC50, the number of dead individuals was counted after 24 and 
also 48 hours. The effects of the WSF on males and females 
were evaluated separately. 
Sub-lethal exposure experiments
The LC10 (concentration that caused a mortality of 10% 
of tested individuals) was chosen for testing sub-lethal effects 
of the WSF solution on females of A. tonsa (Dyer, 2001). Egg 
production, fecal pellet production and egg viability were 
evaluated after 24 hours of initial exposure. The LC10 used 
here represented 7.9% of the WSF stock solution, which was 
prepared at the same way as described above.
The experiment was carried out by transferring hundreds 
of A. tonsa individuals of approximately same age to a 50 L 
glass aquarium filled with a solution of diluted down to 7.9% 
WSF (the equivalent to LC10). Copepods were exposed to 
the LC10 for 24 hours without food and aeration. After this 
first 24 hours, copepods were individually transferred from 
the aquarium, by using Pasteur pipettes under a dissecting 
microscope, to a clean 300 mL flasks containing filtered (1 µm) 
seawater (salinity = 34) and food (Thalassiosira weissflogii at 
20.000 cells.mL–1). Four previously exposed females and one 
male were transferred to each one of four glass flasks and then 
placed in a light and temperature controlled room (T  = 20 °C, 
12 hours light:12 hours dark) for another 24 hours period. 
The control was set with 4 glass flasks in the same conditions 
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Sub-lethal exposure experiments
The concentration of total hydrocarbons present in the 
WSF solution to which copepods were exposed for 24 hours 
during sub-lethal experiments (LC10) was 15.5 µg.L–1, with 
83.75% of this concentration corresponding to aliphatic and 
16.25% to aromatic hydrocarbons.
Significant differences were recorded between 
0 hours(Control) and 24 hours exposure for egg (Figure 1a) and 
fecal pellet production values (Figure 1b). Mean egg production 
of the Control group was 48.6 ± 6.2 eggs.female–1, whereas for 
the exposed group was 31.4 ± 5.8 eggs.female–1 (p = 0.007) 
(Figure 1a). Regarding the number of nauplii produced, the 
Control presented a mean value of 12.6 nauplii female–1.day–1, 
with a minimum of 2 and maximum of 34, while none was 
produced in the exposed group (not shown). 
The egg viability (hatched nauplii) test showed statistical 
difference only for the eggs hatched after 24 hours of exposure, 
with a mean value of 27.3 ± 1.5 in the Control group and 
24.0 ± 1.0 in the exposure group (Figure 2a). After 48 hours, 
values did not differ significantly (Figure 2b).
DISCUSSION
The test-species A. tonsa has shown to be sensitive to 
the WSF of the tested oil, since the 24 hours exposure to the 
100% WSF was enough to cause mortality to 100% of copepod. 
Despite the differences in the composition of different WSF 
of oils, this species has shown to be more sensitive than other 
organisms, such as embryos of the shrimp P. pugio, which 
have a 20% survival after an exposure of 4 days to 100% WSF 
obtain from a different oil (Fisher & Foss, 1993). Total mortality 
of P. pugio embryos was observed only after the 12th day of 
exposure. A. tonsa have also shown sensitivity comparable to 
the mysed Mysidopsis junie, which is a standardized toxicity 
Table 1 – Physical-chemical characteristics of HYDRA oil (data supplied by Ipiranga Refinery, Rio Grande – RS, Brazil).
Assays Results Reference methods
Minimum Maximum
Density at 20/4 °C 0.7661 0.8083 ASTM D1298
API 42.8 46.8 ASTM D1298
Viscosity at 37.8 °C (ssu) 32 43 M8 – 326
Basic Nitrogen (ppm) 93.8 216.3
Chlorides (mg.L–1) 1.6 70.2 M8-298
Carbon Residues (%) 0.89 2.06 ASTM D189
Sulfer (%) 0.038 0.077 ASTM D1552
Water and Sediment (%) 0.05 0.2 ASTM D4007
TAN (mg g–1 KOH) 0.02 0.17 ASTM D664
Fluidity Point (°C) 0.0 0.0 ASTM D97
Reid Vapor Pressure (Kgf.cm–2) 0.21 0.49 ASTM D323
Iron (ppm) 0.35 2.92 Atomic Absorption
Vanadium (ppm) 0.36 0.81 Atomic Absorption
Copper (ppm) 0.12 0.72 Atomic Absorption
Nickel (ppm) 0.44 1.33 Atomic Absorption
Sodium (ppm) 0.67 12.68 Atomic Absorption
ppm – parts per million.
Table 2 – Initial (0 hours) and final (48 hours) concentration of aliphatic 
and aromatic hydrocarbon (µg.L–1) in the 100% exposure solution of the 
petroleum water soluble fraction used in the acute and sub-lethal assays.
Hydrocarbons (µg.L–1) Initial (0 hours) Final (48 hours)
Resolved Aliphatic 148.3 90.0
n-Alkanes (∑n-C12-36) 25.9 20.4
UCM 15.8 31.8
Total aliphatic (TAl) 164.1 121.8
Total aromatics (TAr) 31.8 10.8
Naphthalene 1.33 0.66
1 Methil Naphthalene 0.32 0.19
2 Methil Naphthalene 0.30 0.16
Biphenyl 0.06 0.24



















∑23 PAH 2.4 1.7
Total hydrocarbons (THc) 195.8 132.6
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in the 70’s for the mysid Mysidopsis almyra and shrimps 
(Palaemonetes pugio and Penaeus aztecus) (Anderson et al., 
1974). Therefore, considering that might be also true for many 
(if not all) planktonic organisms exposed to diffuse or punctual 
sources of hydrocarbons in the environment (such as oil spills 
or chronic inputs of urbanized coastal areas), higher effect 
test species (ABNT, 2005), when exposed to other compounds 
such as organotins and antifouling herbicides (Perina, 2009).
The results of LC50 for exposures of 24 and 48 hours 
confi rm that the longer the exposition of the tested organisms 
to WSF of oil, the lower the concentration necessary to cause 
an effect. This general pattern was already observed back 
Table 3 – LC50 (μg.L–1) for females and males after 24 and 48 hours of exposure expressed as equivalents of Total Hydrocarbons (THc), 
total aliphatic hydrocarbons (TAl) and total aromatic hydrocarbons (TAr). CI – Interval of confi dence (95%). 
LC50 24 hours (µg.L–1) LC50 48 hours (µg.L–1)
Female CI (95%) Male CI (95%) Female CI (95%) Male CI (95%)
THc 69.5 (55.8-84.5)a 84.8 (70.7-101.1)a 48.0 (38.7-58.0)b 70.1 (59.1-80.1)a
TAl 58.2 (46.86-71.1) 71.0 (59.2-84.7) 40.2 (32.4-48.7) 58.7 (50.2-67.1)
TAr 11.3 (9.1-13.8) 13.8 (11.5-16.4) 7.8 (6.3-9.5) 11.4 (9.7-13.0)
a and b - diﬀ erent letters were statistically signiﬁ cant (95%).
Figure 1 – Sub-lethal effects of exposure to LC10 levels of WSF on 
Acartia tonsa. (a) number of eggs produced by each female after 24 hours; 
(b) number of fecal pellets produced by each 
copepod (log (x + 1) transformed).
Figure 2 – Number of hatched eggs of Acartia tonsa (egg viability) after 
(a) 24 hours and (b) 48 hours of exposure to LC10 levels of WSF.
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up to 10 µg.L–1 of dissolved hydrocarbons), egg viability 
(at concentrations higher than 10 µg.L–1) and activity and 
swimming (at concentration of 80 µg.L–1) was seen (Cowles 
& Remillard, 1983a). The same authors did not observe 
bioaccumulation of hydrocarbons on C. hamatus, suggesting 
that these compounds are metabolized by the organism and 
their metabolites (more water soluble forms) may have been 
incorporated in oocyte tissue, affecting egg viability (Cowles 
& Remillard, 1983b). The same process may have also caused 
the decrease in egg production and hatching in the present 
study with A. tonsa. However, other studies found evidences 
of accumulation of some petroleum-derived compounds in 
copepods. Levels of total polycyclic aromatic hydrocarbon 
(TPAH) between 0.61 and 1.28 µg.g–1 (dry wt) were found in 
Neocalanus plumchrus exposed to environmental levels between 
0.010 and 0.024 µg.L–1 (water plus particles), and 0.001 and 
0.012 µg.L–1 (seawater) (Carls et al., 2005).
Despite the scarcity of information concerning the 
effects of oil spills on planktonic copepod egg production in 
the environment, field studies demonstrated that there may be 
considerable decrease in zooplankton biomass as well as changes 
in community structure after the spill (Samain et al., 1980; 
Guzmán del Próo et al., 1986). Nonetheless, the zooplankton 
community seems to reestablish itself after some months of 
an oil spill, indicating capacity of population recovery (Al-
Yamani et al., 1993). However, this recovering might not be so 
effective under chronic exposures, especially for environments 
with reduced fluxing time.
As confirmed by the presented results the water soluble 
fractions of oils can definitely cause acute damage to copepods. 
In addition, even after losing some toxic compounds though oil 
weathering, the remaining non-dissolved compounds can be 
ingested by zooplanktonic organisms (Muschenheim & Lee, 
2002), causing toxicity to this and other trophic levels. Thus, 
the toxicity of WSF under certain conditions may represent a 
serious risk to zooplanktonic organisms (Cowles & Remillard, 
1983; Fisher & Foss, 1993; Gulec et al., 1997) and it is also 
evidenced in this study, which demonstrates not only the acute 
effect of WSF, but also sub-lethal effects that, although do 
not cause death, may be crucial for population maintenance, 
possibly influencing the equilibrium of marine ecosystems, 
including fish stocks in coastal areas.
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